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I, INTRODUCTION

A portion of the low level radioactive liquid wastes originating
from the Osk Ridge National Laboratory are dispersed into the. Tennessee

River System by way of White Oak Creek and +the Clinch River. Releases

"are controlled so that the resulting average concentration of radio-

agtivity in ‘the Clinch River complies with permissible levels. The
amount of radicactivity leaving White Oak Creek is measured and concen-
tration values in the river are calculated on the basis of the dilution
afforded by'thn river, Radioactive materials are reconcentrated by
selective adsorption on clays and by biological action of certain or-
ganisms, Such processes, while removing radioactivity directly from the
water, tend to concentrate  the activity on bottom sediments. By measuring
the accumulation of radioactive materials in the downstream bottom sedi-
ments, informatlon can be obtained relative to the dispersal of wastes
and their subsequent reconcentration in the environment,

Annual surveys have been made of the Clinch and Tennessee Rivers
gince 1951, The surveys for 1951, 1952, and 1953 were reported by-Ga-.rner
and Koch‘citzky.(%’) - Beginning in 1954 and mxtending through 1958, the
survey was performed by the Area Monitoring Group, It is the work of the

Area Monitoring Group that is summarized in the following pagese




II, FURPOSE

Survey objectives were as follows:

Evaluate .the radioactivity in the bottom sediment in terms of
potential present and fubure hazard to humans.,

Predict the capacity of the Tennessee River system for storing
radioactivity based on the present rate of accumulation.

Recommend rates at which radiocactive wastes may be dispersed safely.
Determine the effect cn fubture industry of an increase in the radio-

active content of bottom sediments 'in the Tennessee River System,



» 4 ITT., INSTRUMENTATION AND PROCEDURE

The boat used in the surveys was a sixteen foot, flat bottomed,
outboard hull with a six foot beam, permanently sheltered forward to
protect the electronic equipment, and provided with a canvas, aft, ta be
used if needed. The hull was powered by a 25 HP motor with remote
controls and. a 5 HP motor for a spare.

A device called a "flounder" (2) (Fig., 1) measured the gemme radia-
tion of the bottom sediments. The "] ounder” consisted of twelve battery
operated GM tubes (12 inch) connected in parallel. Pulses from the
GM tubes were preamplified and recorded on a battery operated decimal
scaler , the average count being determined by timing with a stop watche

famples of bottom sediment for laboratory analysis were obtained with
/' an Eckman Dredge.
Sampling points were located on TVA navigation charts and "cross

4 sections™ were taken across the river at these points. A "oross section”

) ' consists of readings and sediment samples taken at pre-determined intervals

A along the traverse from one bank to the other, Fifty foot intervals were
used in the Clinch River, but an average of ten readings and sami_xies were
taken per “traverse in the Tennesseé River and in the reservoirs,

Cross," sections were taken every two miles in the Clinch and approxi-
ma.tely every 10 miles in the Tennessee River and in the reservoirs,
Downstream from the dams the action of the wa.ter has scoured the river

bed of sediment; therefore, no readings were taken for some distance.

A 3/16" cable laid across the Clinch River by means of a block and
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tackle was used to anchor the boa‘b.. Tags at 50 foot intervals along
the cable located the sampling points along the traverse. Fig. 2 shows
the boat clamped to the cable and radiation detection idstruments being
lowered to the bottom, The man in the bow is using an Eckman Dredge to
collect silt samples.

In “‘che Tennessee River the location along the traverse was deter-
mined as follows: First, a complete traverse was madg ard the time for
the crossing was noted. The time thus obtained was divided by mne more
than the number of readings to be taken., Second, markers were thrown
out at appropriate intervals as the boat movéd. across the river again
with identical motor control settings and load distribution. Sealed one
quart tin cans with a piece of lead attached by a fishihg cord served .a.s
markers, Silt range data were furnished by the TVA and, where possible,
cross sections were taken along these ranges., The bottom contours shown
by the silt range data were used to check or to correct the locations
determined by the above method,

After the boat was secured by three anchors, two abow, and one astern,
the flounde:;:' was lowsred to the bottom of the river. The depth was re-
cordedt;; and the count taken for five minutes or until 3000 counts had been
dccufitlated. While the count was in progress, a sample of bottom sediment
was obi.:ained with the Eckman Dredge, the sgmple being co;l.lected on the
opposité side of the boat from the flounder to prevent the sediment,
stirred 'pp by tl_le dredge, from influencing the count of the flounder,

Background data were taken in Norris and Fort Loudoun reservoirs,
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Readings were tsken in Norris from zero depth to a depth greater than
100 feet, The readings in Fort Loudoun were confined mostly %o bottom
rea.d.iﬁgs to provide "mud background” data for comparison with data ob-
tained downstream from ORNL. A curve of counts per second versus depth

was plotted from the Norris data and this was used to correct the down-

stream readings for cosmic backgrownd.

e
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IV, PRESENTATION OF DATA

The wastes from ORNL enter the Clinch River via White Ozk Creek at
Clinch River mi:le, 20.8, At full pool, Wetts Bar reservoir backwater
extends upstream to Clinch River mile 28; but at minimum pool it extends
only to the mpu'l:.:n of White Osk Creek (CRM 20,8). |

Readings were taken in the Clinch Riv;ar from mile 27.5, 6.7 miles above
the mouth of Whi'b‘le Oak Creek to the confluence of the Clinch and Tennessee
Rivers, TRM 557.6'a.nd in the Tennessee River from TRM 570.8 to 475.1.

The 1957 and 1958 surveys extended .downstream as far as TRM 35holt.

Fig., 3 shows that section of the.Tennessee River System over which
the surveys were made, The sampling locations and origin of the wastes
are shown with the river mile location of each indicated. |

| The "mud background" readipngs.: taken in Fort Loudou.ﬁ reservoir ranged
from 7 ¢/s in 1954 to 13 c¢/8 in 1958, The average over the four year
"period was approximately 10 c/m.

The garme measuréments made on the bottom sediment were corrected
Por "cosmic background" and averaged for each cross—’section.’_r Plots of
the average count versus river mile for the :Clinch and Tennessee Rlvers
are given in Figs. 4 and 5.

A1l gegmae counts (c/s) teken in the Clinch River were totalized

and divided by the numbers of readings to obtaln an average gemma count

ey

for that partieular year, The data for the Tennessee River ware trgated"‘-.
likewise, These data together with the curies discharged to the Clinch

River for the period 1951(1) to 1958 are given in Fige 6.



L

UNCLASSIFIED
ORNL-LR-DWG. 42681

MAP SHOWING
OBSERVATION LOGCATIONS

TENNESSEE RIVER SYSTEM

] 5 10 20 40
SCALE OF MWILES

ROTE
7, u—/luolcnu LOCATION OF THE CRO3SS - SZCTION

817.8 RIVER MILES ABOVE THE MOUTH OF THE RIVER
WHEAL OBSERVATIONS WERE MADC.

MEMINNVILLE
DAM

-~/

Y
&
K
S
&

ESTILL SPRINGS
DAM

HALES 8 ;""! \‘};\}

478.1:

CHICKMAUGA
DAM

oA

= CHAZ ;J;;:.’ 0GA

7

v
, %’Q T \ﬁ\

= L~
~~ ™

River

et

) y s

o Foged

=) HIWASSEE
s DAM
] ANDREWS
2 DAM

\’ NO. 2 n;;cﬁ"i

KNOXVILLE

%
CALDERWOCD
DAM ’ iy

CHEOQH
DAM
FNTEET 2
TR

[
4

Lo’

APALACHIA
DAM

7
CHATUGE
DAM

Not Clossified

F-23675

——— -y -




- 10 -

A composite silt sample was preﬁared for each cross gection, Ali-
quots of the composite samplg were counted fgr gross beﬁa activity and
analyzed radiochemically for long livéd fission products, The gross
beta activity, reported in terms of Tlaok*, is shown -versus river mile
in Figs, 7 and 8. |

The results of the radiochemical assay of the river silt are given

in Tables I through VI, These data, iisted according'to location where

samples were taken, cover the period 1954-58 and give the amount of each

radionuclide found in units of lO~6uc/gram of dried silt. The radio-

puclide content of the silt was averaged for both the Clinqh apd Tennessee

Rivars and is presented graphicall& in Fig, 9, The total guries of each

radionuclide discharged to the Clinch River during the corresponding year

is given in the upper half of Fig. 9.

A comparison is made in Table VII of the gross beta activity found
in the silt and the gamma couﬁt taken wifh the flownder at the surface
of the silt.

Bottom contours and achtivity profiles were-élotted for each eross

section for the 1954 survey and are given in Figs. 10.through 1k.

\
!
)

The cbunting efficiency of the counters was determined using leolL

as a standard, The values reported as pc of grOﬁs beta activity
would be true only if all the acfivity were m 20, -

-
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TABLE I

Césium-in River Silt 1954-58%
Activity in Units of 107° pc/g of Dried Mud

Cesium (as Cs-Bal3T)

.Sample Location N ' 54 55 56 57 58 ..
Tenn. R. M. 604.1
Ft. Loudoun Lake¥¥* ) 2 2 5 - 2
Clinch R. M, 21.5 ' 3 5 - 5 - b
19.1 12 7 116 528 Ll
16.3 27 22 208 177 223
15,2 _ 22 34 268 119 - 146
4.0 oL 29 115 18k 298
11.0 . 22 34 14k 251 236
8.3 2 38 2 178 170
Y : 2k 29 266 299 223
k.7 - 22 - - 236 151
2.6 15 - - 173 92
1,1 : 2k 25 257 192 167
Average 19.7 24.8 202,2 213.1 159.3
Tenn. R. Mg 570.8 * 3 - - 5 2
. 562.7 - 10 T 73 55 51
55207 ~ 12 - - 57 36
53448 ' 5 - - b7 ce2
© 532,0 .' 10 11 32 39 21
50905 3 = - 20 lO
491.9 : 5 - 20 20 16
L75,1 5. 2. 1k 16. 13
Average - 6.6 6.7 . 35 32,3 21l.4
Perm. R. M, 434,1 S . 13 9
3812 . ' T 7
35%.5 "’ 1 b

* All samples were taken during summer. No data is available on month
to month changes. '

*%  Background
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TARLE II

_ Strontium in River Silt 1954-58% ‘
Activity in Units of 10-0 pc/g of Dried Mud

Strontium (as Sr9o)

\J
3

Sample Location ' : 54 55 56

58

Tenn. R.M. 604.1
Ft:» Loudoun Lake¥**
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'—J
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i

Clinch R.M. 21.5
19.1
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Average
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Tenn. R.M. 570.8
562.7
552.7
54%.8
532.0 -
509.5
p 491.9
5.1

*
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Average

PlE PO E

=
H

Tenn. R.M. 434.1
381.2

35k.5

oo
Qo

# All samples were taken during summer. No data is available on month
to month changes.
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* Al semples were taken during summer.

to month changes.

*¥  Background
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TARLE TII -
Cerium in River Silt 1954-58%
fakivity in Units of 107 pc/g of Dried Mid - g
_ Gerium (as Ce-Prlb’h) .
Sample Location 54 55 56 57 58
Tenn. R.M. 604.1
Ft. Loudoun Lake¥¥ 1 1.7 3 - h.7
Clinch R.M. 21.5 S 2 b - 5 12
19.1 5 6 oh 33 7
16. 8 21 37 12 20
15.2 7 32 56 "9 22
1k.0 -8 22 26 7 L3
11.0 8 - 31 . b 10 ko
8.3 5° 32 48 10 16
5.7 8 4o 56 -12 oL’
k.9 7 - - 13 21
2.6 L - - 9" 17
1.1 5 30 bk 13 22
Average 6.1 2k2 k0.8 12.1 222
Term. R.M. 570.8 1 - - 1.3 5.7
. 562.7 2 13 15 5.5 . 8.0
552.7 "2 - - k.3 9.6
54%.8 1 - - 3.0 7.2
532.0 2 15 8 . 2.6 k.9
509.5 1 .- - 1.9 6.2
ko1.9 2 - 6 1.8. - . k)6
b75.3~ 2 bk 1.6 6.2
Average 1.6 10.7 8.3 2.7 6.6.
"Tenn. R.M. U3h.1 3.4 7.2
381.2 3.h4 5.k
354.5. 1.6 b7

'No data is available on )month
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TARLE IV

Tri-Valent Rere Eerths in River Silt 195k4-58%
Activity in ¥Bnits of 10-0 ne/g of Dried Mud

Tri-valent R.E. + Yttrium (as Y9°g '

- Sample Location . 5 % 26 57 5

Tenn. R.M. 604.1

Ft. Loudoun Lake¥#* 2 1.7 3 - 4.8
Clinch R.M. 21.5 1 3 - 2 3
19.1 2 3 T 10 6
16,3 L 5 11 5 213
15,2 Y 7 15 b 17
ik.o l 8 T L 21
11.0 6 16 19 8 18
8.3 4 oL 19 6 1L
5.7 8 12 18 7 15
429 5 - - 6 13
2.6 5 - - 5 10
1.1 L 9 15 5 12
Average L.y 9.7 13.8 5.6 12.7
Tenn. R.M. 570.8 1 - - 1.1 5.1
562.T 3 6 6 1.9 5.5
552.7 1 - - 2.7 6.1
543.8 2 - - 1.3 5.5
532.0 4 T 4 1.5 5.5
509.5 3 - - 1.7 6.1
k91.9 2 - 3 1.3 5.3
h75.1 2 6 1.8 1.0 6.4
Average 2.3 6,2 3.7 1.6 5.7
Tenn. R.M. 43h4.1 1.8 8.1
381.2 1.3 2.6
354,5 1.h .7

* All samples were taken during summer. NO date is available on month
to monfh changes.

%% Background
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TABLE V

Ruthenium in River Silt 1954-58%
Activity in Units of 10-0 pe/g of Dried Mud

Ruthenium {as Ru- 106)

Sample Location th 55 56 57 56

Tenn. R.M. 604.1

Tt Loudoun Lake¥¥ - 1 0.5 3 - k.6
Clinch R.M. 21.5 1 - - 3 6
19.1 8 - 5 14 3
16.3 5 ly 8 6 7
15.2 5 - 11 3 6
1k.0 6 l 6 b 16
11.0 2 5 7 6 12 .
8.3 5 by 10 5 7
5.7 5 8 8 6 11
4.9 5 - - 5 10
2.6 5 - - 4 6
1.1 3 by 10 6 10
Average b5 4.8 8.1 5.6 8.6
Tenn. R.M. 570.8 3 - - 1e3 2.6
' 562.7 2 3 L 3.1 k.
552.7 1 - - 3.4 5.4
543.8 2- - - 3.1, 3.1
532.0 1 Ly 3 2.0 2.0
509.5 1 - - 2.3 3.4
. h91.9 1 - 2 1.8 3.7
h75.1 1 1 3 1.5 3.5,
Average "’ 1.5 2.7 3.0 - 2.3 3.5
Tenn. R.M. U3k.1 2.9 3.5
: 381.2 0.9 2.5
35Lh.5. 1.7 2.3
* A1l samples were taken Qquring the summer. No data i available on

month to month changese
¥¥%  Background



TARLE VI
Cobelt in River Silt 195Le58%
Actlvity in Units of .10 pe/g of Dried Mud

Cobalt (as Co®0)

Sample Location 5k 55 56 5T 58
Tenn. R.M. 60k.1

Ft. Loudoun Lake*¥ ly 0.0 1.0 - 0.6

Clinch R.M. 24l.5 3 2 - - 3

9.1 11 - 26 30 L

16.3 19 18 39 15 21

15.2 19 - 59 1k 9

1k.0 19 23 29 17 16

11.0 19 25 37 15 15

8.3 - 23 29 50 15 17

5T 31 26 52 18 17

k.9 27 - - 15 1k

2.6 19 - - 13 9

1.1 23 o1 TS 16 13
Average 19.4 20.6 k2.2 15.2 12.h
J ~ Tenn. R.M. 570.8 s - - 1 0.8
g 562.7 8 7 11 6 5.7
. 552.7 6 - - 6 6.1
# 543.8 T - - 5 3.6
V ’ 532.0 7 13 T 3 2.9
s 509.5 4 - - 2 2.1
. ko1 .5 5 - 4 3 3.1
‘ 475.1 5 6 3 1.7
Average 5.8 8.0 T«0 3.6 343
7 Tenn. R.M. 434.1 2.0 1.7
o+ 381.2 2.0 1.7
354.5 0.3 2.5

* A1l gamples were taken during summer. No data is available on month
to month changes.

-

*¥¥  Background
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CONCENTRATION IN SILT, 1076c/g
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1954-58

] RADIONUCLIDES DISCHARGED |
FROM WHITE OAK CREEK —

54 55 56 57 58 54 55 56 57 58 54 55 56 57 58 54 55 56 57 58 57 58
Cs—-Ba'>7 50 Ce-pr'44 Tri. Vol R.E. + Y90 Co®°
(as Y29
202.2 9_2_; 159.3 MAJOR RADIONUCLIDES FOUND IN CLINCH AND
TENNESSEE RIVER SILT BY YEARS 1954-58
| | [J cLINCH RIVER
TENNESSEE RIVER
-
| 7
7 7 7
7\ AlADD  H 7 B
54 55 56 57 58 54 55 56 57 58 54 55 56 57 58 54 55 56 57 58 54 55 56 57 58
Cs-Ba'37 5,20 Ce-pri¢d Tri.Val.R.E. + ¥ 90 Co®0
{as v29)

FIG. 9
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Ve CAIIBRA.TION OF ]J\ISIRUMENTS.

The flounder used in the swrveys consisted of twelve glass wall,
organic filled GM tubes connected in pare.llelo -It was calibrated in terms
of mr/hr bsr the use of a water solution of 0,1 mg of radium sealed in a :
glass ampule, Th:.s calibration was made to determine the seneitivity of
the instruyment and to pei'mit direct comperdson of the data taken from yeei'
to year, The radium calibration da.ta. for the years 1954-58 are given
in Figure 15, |

A modified version of the fiotmder was constructed in 1957 using
stainless steel wall, halogen filled GM tubes, Tnis flounder proved to
be more sensitive than the old flounder, both to radilm: apd to the-activity
in the river silt, During.the 1957 survey, duplicate readings were ta.ken_ ’
using the old and nsw flounders; " These readings were com.pe.red point by -
.point and. the comparison ratios avei'aged for both she (;linch and Tennessee.
Rivers, The readings taken with the modified flounder were cons.istently
h:l.gher than those taken with the old flounder, the ra.tio of modified to
old being 1436 in the Clinch R:.ver and 1, 211- in the Tennessee Rivers

The datae presented in Liis report for'the period 1954-57 wmm ta.ken.
with the old flonnder. The 1958 data.m ta.ken with the modified flounder
and have been corrected for the dlfference in sensitivity between the two

- instruments in order tha®t comparisons of the year to year data could be
'made. . |
' As an aid in relating the genma cou.nt as mee.sured by the flounder

to the radioactive content of the bottom sediment, mud from White Oa.k
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Leke, diluted with uncontaminated mud from Douglas Reservoir was used
to calibrate the flounder in terms of pe/g of radioactive silte A
gross beta count, a gamma count, and a radiochemic;al éssa.y were ¥an on
White Oak Lake mud before it wés diluted with the wncontaminated mude
Done in this manner, the level of activity was high enough to give low
statistical errors in counting and to give reliable radiochemical
analyses, ' .

Calibration curves were run for two different thicknesses of mud,
four inches and 10-1/2 inches. Figure 16 is a plot of gamma counts per
gecond versus beta activity in uc/g of dry mud, A comparison of the two
calibration curves indicémes there is considerable absorption of the
gamma radiation by these thicknesses of mud.

Since the observed gamma count was due to a mixture of radiocactive
substances having different gamma energies, and since the composition of

the mixture was not very accurately known, the absorption by the mud.

could only be approximatede

An approximation for the absorption was made by R. Ha Ritchie

using the expression as follows:

: . t
va I= g [2 - By(ut) = e_“':] (1)

= absorption coefficient of the mud for the gamma involved

&
2
o
=
il

thickness of active mud depésiﬁ

ct
I

= gamma counts observed

o = specific activity of mud, and
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, By is given by

E,(x) = s . @
2 1 =

A plot (Figure 17) was made of pt against It/Ioo ; I, being the gamma
flux at thickness t and I, heing the flux from an ini‘inifely thick
layer of muci. .

The quantity p was evaluated gmperically from this equation and
from the data observed on the 4"® and 10,5" layers of mude The procedure
was to- ealculate ratios I (p‘tz) / I (pty) from the graph using pt, and pty
values which wers in the same ratio as the experimental thicknesses,
u‘bg = —-]-'-,%-5- p.tl, The value of ].L‘tl was found which gave the same
I(p.ta) /I (p.tl) value as that observed experimentally, A value of .0506

1 was found for Mo

om”

Using values from this curve and the specific activity and fiolmder
readings from the spiked mud, curves were prepared showing gamma activity
in c/s versys specific activity in ].Lc/g and gamma activity versus I.I.C/ftgo .
These curves are shown in Figure 18,

If the depth ‘of rad_"l.oa.ctive silt on the bottom of the streams and.
reservoirs Were known, the total amount of radioactivity per unit area
of bottom surfaca could be estimsted, However, with our present equip-.

ment, it is impracticable to obtain this information with acceptable

accuracye
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-

VI, DISCUSSION

Gamma. Count Rate

The gamma colm:b rate shows é, gradual increase from the _point of

_ entry of the wastes into the @linch River (CRM 200'8) dov;nstream, pesking
at mile 11.0 during 1954 and 1955 and at mile 8,0 during 1956, 1957 and’
1958. Downstream from this point thé gamma count remains relatively
constant except for the low couwnts obtained at CRM.2.6 and CRM 4,7, At
these two points, the silt seems to have been scoured from ’c;he river
bottom, thereby resulting in low counts,

‘This increase in radiation level downstream from the point of entry
of the vastes. is probably due to the fac‘b' that during the f£3ll and winter
mont?.é' conslderable current is encountered in the Clinch Rlver at the |
=oint of eﬁtryo The velocity of the water prevents the silt from
settling at this foﬁ.nt a.nd carries it downstream to bé deposited as the
water slows down, This phenomenbn was e_n'countered repeatedly during -
the surveys. Any restric*bign in the river ché.nnel caused an increase
in _velécity and, consequently, a scouring of the? sediments and a decrease
in gamma count rate, Immediately ‘bélow the dams, the scouring action
extends fo-r a.ddista.nce' of at leé.st éO miles downstream,

The level of activi'ty'dropped off ‘markedly upon e.ntering the.
Tenne-ssee River and ccntinued to decrease downstrea.m, This is to be
expected é.ue to the dilﬁtion of the wataers.of the Clinch. by’the Tennessee
and thé subsequént deposition of the silt.ov.er a much larger area than

in the Clinch, :This may be seen from Figure 4 and Figure S5 which show
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the’a.vé;ra.ge gamma count rate versus l:L':Lver mile for the Clinch and
T'ennesé?el.Rivers. The decrease in'a.ctivi‘by due to decay is negllgible
sincé the time required for the water to travel to the Tennessee is
 small compared to the half-lives of “i:l'le radionuclides measurede
The distribution of activity élon'g a traverse was, in general,
. prppbrtional to the depth of ’gh,e water, This was especially true in
the. reser\'roirs snd in the lower reaches of the Clinch River where most
of the acfivi'by was found in the main channel, Farther up the Clinch,
the plcture was somewhat complicated by the nwmerous sharp bénds in
' the river cou.rse;, and hy the current in the river, Here the location
of the activity varied depending, on whether the traverse was taken on &
_straight stretch or on a be‘nd in the river and whether the stream bed
was uniformly deep or deep on ohe sidé and shallow on the other, A
. more detailed plcture of activity' distribution may be gained by an
. awwﬁ.na.%?fc{n of the bottom contours and activity profiles of the Clinch
and Tennessee Rivers from the 1954 survey shown in Figures 10 through 1k,
These profiles from the 1954 survey are typical of all the sSuUrveyss

The levels of activity in both the Clinch and Tennessee Rivlgrs'
have shown gonsiderable increase from 1954 to 1958, Of pm*bicﬂ}g.r note
is the increase in gamma counf :ya:ée on the silt a.t".[RM k75,1, a few .
xﬁiles above j:he city of Chatta.nooéa/.. The count rate here increased from
a near background count of 8 e/s in 1954 to 20‘0/ s in l956A. It dropped
slightly in 1957 and increased again in 1958 to a level comparable to

that of 1956,

T T T T A, AT T DO A A TP SO A AR AT L A S RS A R e e
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The 1957. a:nd 1958 surveys .éz_d;ep.d.ed. downstygam from Chattanooga
through the next two downstreagm rgservoirs, Hales Bar and Guatersville,
" The last previous survey of these two reservoirs was done in i952 by
Garner, The gaz@a count in Hales Bar has J‘;ncreased from 10 ¢/s in 1952
to 15 ¢/s in 1957 and 17 c/ s in 19584 Guntersville, likewise, showed
increases from 1952 4o 1958, the raadings gp'ing from .9 c/ s in 1952 to
12 c¢/s in 1957 and 15 c/s m 1958 How far doviﬁstream these increases
" extend iR not known as the only. swurvey to extend beyond Gumbersville
Réservoir was the '1952 sturvey which extended to the mouth of the Tennes-
see River, The i_ncreased cownt in Hales Bar is felt to have its origin
in artificial ra.dioac:bivity introdﬁced upstrean, ‘Ihis- is based on the '
fact that there are no major outeroppings of uranium bea,rix'lg shale up-
stream from this reservoir and on the fact that the radionuclidt.—: cesium
was found in the 8ilt to the extent of 4o5 times that found in back-
gl;ound silt from Loudoun Reservoir, The incréaseé' in Guntersville
Reservoir, likewise appear to bg the result of artificial radida.ctiv_ity_
moving downstream, There is conéj.(.ierable outcropping of uranium bearing
shale on the w.atershed of Guptersvillé Reservoir and '-t;kij.s might result in
an ‘increased gamma aount in 1958 but would not result in an increase
in the cesium content of the silte The silt showed a cesium content.
two and one-hplf times that -of ‘packéround silt from Fort Loudoun Reservoire

The ovérall'_increé.se in geamma..count rate with t.’:n’e may best be seen
from reference to Figure 6, .Here the -average count rates for both the

Clinch and Tennessee -Rivers are plotted by years for the period 1951 -
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to 1958, In the same figure are given the curies disclha,rgéd to the
Clinch River by years for the cor.responding periods of the surveyse It
may be noted that, while there are fluctustions in levels of activity,
the general trend 45 Mpe

The huge increase shown from 1955 to 1956 was due, in large part,
to the draining of White Oak Lake.with the é:btenda.n"b scouring of con- .
taminated silt from the bottom. A similar increase was shown from
1951 to 1952 except in this case ;che increase was attr;butedl, at
least in part, to large releases of relatively short lived msterial Jjust
prior to the 1952 .sur-veyh By 1953, in the Clinch River, this mgterial
had decayed to a point whers the gamma. count was considerably less than
that in 1952, This was to be expected due to the short half-life .of
the material in question, However, the activity scoured from the Whits
Oak Lake _bottom and discharged to the Clinch River during the fall of
1955 was long-lived material and should have skown very little decay’
beforg ‘the 1957 sur\.reyo The decrease in couwnt shown in 1957 must be
attributed, then, to the re-location of the contaminated silt or to the
covering and oonsequert shielding of it by uncontaminated silte

The readi.ngs-obtained with the flounder ranged from an sverage
of & to T ¢/s at CRM 27,5 to an average of 181 c/s for the cwoss
section taken at CRM 8,0, The.readings of b to 7 c/ s were taken in the

upper reaches of the Clinch on rocky bottom and are lower.than. the ."mud

background" of wncontaminated sireams in this areas In terms of the radium
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calibration of the flounder, 181 c¢/s corresponds to O¢1ll mr/hr and 312
c/s, the maximum reading observed, corresponds to 0,20 mr/hr, Based on
the maximum permissible occupational. exposure to the total bady or:
gonads of Ol reJn/wk3 , & body in continuous contact with.the bottom
mud, at the point of meximum yeading, would recgive 0,034 r/wk.ér 34%
of the maximum permissible occumpmtional exposureges Howgver, maximgm
permissible exposure to individwals in the neighborhood of the con-
trolled areas shsuld be one-tgnth of that for occupational exposureo2
Based on this figure, 0.0l rem/wk, a body in continuous contact with
the mud would receive more than.three times the maximum pgrmissihle
dose. To receive this dose, a Eady wouid have to recline on the bottam
sediment 24 hours per day, seven days per week. Since this is Iimpossi-
ble for any extended pe;iod of time, there is very little likelihood
. of a hyman receiving this dose, A fisherman sitting on the bank at
low lake level, or a person engaged in dfedging and handiing silt or
sand fiom.thé river bottom might he presumed to be exposed to this
field of radiation for short periods of'tiﬁeo

A person handling sand in a normal 40 hour week ﬁould probably
receivé one-third the dose rate of a persen lying on the bottom sedi-

ment or 26% of the MPD (0,01 rem/wk),

Gross.'Beta Activity

Aliquots of the composite silt aamples prepared for each ceross

sasction were assayed for gross beta &ctivity and were reported in
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terms of Tl , While this.data does not glve an accurate picture
of the quantity of activity present, it is Useful for compa.ra.’c:.ve
purposes. This data is presented. in Figures 7 a.nd 8 in units of 10 -5

pe per gram of dried s5ilt vs @iver mileq

Beta-Gamma. R:'a.tio

In an effort to rela:be‘:flumder readings to radioactive content
of the bottom myd, sa.mple.s‘ of the compozites from the 1954 survey
were counted for both beta and gamma, I this ra‘l;io wpw constant,
a fairly reliable value for the amount of padiocactivity in the mud
could be obtained from the gamma measurements made with the flounder, .
This ratiop however, was not constant, as is shown ‘bs; Figure 18,
which is a plot of beta-gamma ratio vs river mile for both the Clinch
and Tennessee Rivers., An inspection of these graphs shows the beta-
gamma, ratio to be less errati@ in the Tennessee than in the Clinch
River. The range of both, however, appears to be approximately a
factor of 2, The variation in the beta-gsmad ratio from one o.ross
section to another is probably due to different compositions of radio~
active wastes in the mud, This could be dwe, in part, to se'lective
ads‘orption of isotopes on different types of soilss

The average gross beta values for the Clinch a.nd/ Tenneséee Rivers
are compared‘ to the average gamma counts obtained with the flounder

in Teble VL, The beta-gamma ratio &g not constant for the Clinch
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but varied only sbout 13% in the Tennessee through 1957. It dropped

" considerably in 1'9580

Identification of Activity

Radiochemical analyses were ®Win on the composite silt sampless

. The samples were assayed for cesium, strontium, ‘cerium, tri-valent
rare earths, mth:e:ailﬁn, rn'.obit;m, zirconiwu, and cobalt. These ‘results R
except nidhiwm and zirconium, are given in Tables I throgéh VI, The
niobiwn and zirconium content of the silt '.WEZS_- very low ‘a.nd. for the
sake of bi'evity are not included herg, ‘

Silt from Fort Loudoun Reservoinlr, presumably containing no
fission products from ORNL , was analyzed for the same elemén‘l_:s as
was the river silt and should represent backgroued levels of
. a:ctivity due to Laboratc-ary contamination, etec,.

The major radiocactive ‘cons.ti'i'.uen't:s of the Clinch and Tennessee
River silt are cesium, cerium, and cobalt with smaller amounts of
strontiwm, yttrium, tri-valent. rare earths, and ruthenium presenty

The concentration of most of the radionuclides have increased from

1954 to 1956 with the greatest increases being shown by cesium, ceriwg,
and cobalte The concentration of all radionuclides, with the exception

of cesium, showed & decrease in 1957, The 1958 dasa sh.ow a decrease in

the cesiwm and cobalt content of the silt while the remaining nuclides

show an increase from 1957

The average concentration of each radionuclide in the silt of the

e ey g —




Clinch and Tesse®see Rivars for the years 1954 through 1958 is shown
in Figure 9. The total nwmber of curies of each radionuclide discharged
to the Qlinch River for corraesponding periods is presented for com-
parison. The bast corrglation of radionuclide discharged to radio-
nuclide concentration found is &hown by cesiwm. This is rot too
surprising when it 'is noted 'tﬁa‘b cesiim is readily removed from

water by adsorption on soil particles, Thg very large :i;ncrea.se in
the amount of cesium discharged in 1956 is probably due to the drain-
ing of White Oak Lake during the fall of 1955, During gnd following
this operstion, considerable silt from the lake bottom was discharged
to the Clinch River. This silt was highly contaminzted with radio-

active cesium,
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- VIL CONCLUSION

~ On the basis of the da'ba observed % date, a body d continlous
conbact with the botton sediment would receive 3 times the MED" for
non-c;ccupa.t.ional exposure in the' nelghborhood of a Acontrolled areas,
Since it is unlikely that a person would. be in continuous contact~with
the bottom sediment for any extended. period. of t:Lme s & more practica.l
approach might be to consider. a fishema.n sitting on the bank at low
lake level, or & man enga.ged. in d.redg:.ng a.nd handling sand. or silt from
the lake bottom. A person engaged in such an operation so that he

would receive one-third as mich radiation in a 40 hour week as if he

were recliniig on the bottom, would receive only 26% of MPD for such

non-occupa:ﬁiona.l exposure,
If the case of the fisherman sitting on the bank of the Cl:l.nch

River a’c low la.ke level is considered, it is felt ‘that the above

figures would still a.pply. While the MPD to the goxm.d.s3 is the same

. as that to the hotal body, the ganeds, in this case might be exposad

to three times the-'field. of radiation as the total boay of the worker,

and hence, would receive the same total dose in one-third: the time,

. This .would‘a.llow the fisherman to spend 13 hrs/week fishing on the bank,

This is not an altogether unreasonable length of time,

If conditions were creamted such that exposures greater than the
MPD were possible then the river system would have reached maximun cap-

acity, and any additional wastes would present spectel problems,

T i




Since most of +the silt would be removed from the water by water
treatment plants and since the concentration of radiocactivity in solu~-
tion on the a.verage. does no% excegd the MPC for con“binubus usep it is
believed that no ingestion hazard exists due tc the discharge of the
present amount of radioactive wastas 40 the Clinch Rivere This will be
discussed in a subsequent reporta

It is concluded that no immediate hazard exists due to the re-
concentration of radioactive materials in downstream bobtom sedimentse
However, if the amount of ra,dioactivity in the bottom sediment continues
to inorease for the next few ysars, it will be necessary to re-evaliate
our present waste disposal policy in order to further restrict the
release of radioactive wastes to the Clingh Rivere

The most probable effect of the radioactive sediment on irdustry
would be an inareased backgrownd cowmting rate if sand from the river
bottom were used in making concrete.for the construction of counting
rooms of instrument laboratories. The problem of the redicactivity in
solution in the river water WOIllé. have to be congsidersd pefore using the
downstream water as process water in thé manufacture of film emulsione

or other photographic materials,
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